The ferromagnetic shape memory alloy Ni 2 MnGa has been successfully grown on GaAs by molecular beam epitaxy. In-situ reflection high energy electron diffraction, ex-situ X-ray diffraction and transmission electron microscopy selective area electron diffraction indicate the single crystal growth of a pseudomorphic tetragonal phase of Ni 2 MnGa on (001) GaAs. Both vibrating sample magnetometry and superconducting quantum interference device magnetometry measurements show that the Ni 2 MnGa film is ferromagnetic with in-plane magnetization and has a Curie temperature of ~320 K. a) email address: dongx007@tc.umn.edu 2 Microactuators have been fabricated for microelectromechanical systems (MEMS) using polycrystalline shape memory thin films 1 . As single crystal thin films are expected to have superior properties over polycrystalline ones, the epitaxial growth of single crystal films is desired 2 , but yet to be achieved. Recently, significant effort has focused on the ferromagnetic shape memory alloy Ni 2 MnGa 3-5 . Bulk single crystals have shown exceptionally large magnetostriction (~4.3%) 6 . These properties make thin films of Ni 2 MnGa promising candidates for MEMS applications. Although a number of metallic compounds have been epitaxially grown 7 , the growth of Ni 2 MnGa thin films, either polycrystalline or single crystal, has not been reported.
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For stoichiometric Ni 2 MnGa, the high temperature austenitic phase has the cubic Heusler (L2 1 ) crystal structure ( Fig. 1 ) with a lattice constant of a = 5.825 Å. Below the martensitic transformation temperature (T M ~202 K), the low temperature phase, martensite, is stable. It has a tetragonal crystal structure with a = 5.92 Å, c = 5.57 Å 8 . The crystal structure of the cubic phase of Ni 2 MnGa can be considered as a NaCl crystal lattice of Mn and Ga with Ni occupying the tetrahedral interstitial sites. Alternatively, it may be considered as an ordered CsCl crystal structure with a simple cubic lattice of Ni atoms with every other body center site occupied by Mn and Ga, respectively. Transition metal-group-III compounds with CsCl structure and rareearth-group-V compounds with NaCl crystal structure have been grown epitaxially on III-V semiconductors 7 . In particular, the successful epitaxial growth of NiGa (CsCl) 9 , MnGa (tetragonally distorted CsCl) 10 and Mn 1-x Ni x Ga 11 on GaAs suggests that the chemically similar material Ni 2 MnGa, with its 3% lattice mismatch to GaAs, may also be grown epitaxially on GaAs.
In the growth of metallic compounds on semiconductors, control of the first few atomic layers (template layer), is critical in controlling the growth orientation 7, 12 . An interlayer of a different material may also act as a template layer. The close similarity of the Ni 2 MnGa to the NaCl and CsCl crystal structures suggests that metallic compounds with these crystal structures may act as good templates for the epitaxial growth of Ni 2 MnGa on GaAs. Here we report on the use of a lattice matched Sc 0.3 Er 0.7 As template layer with a NaCl crystal structure.
A 0.5 µm thick GaAs buffer and 6 monolayers thick Sc 0.3 Er 0.7 As template layers were grown on GaAs (001) in a modified VG V80H Molecular Beam Epitaxy (MBE) system in a similar manner to that described by Palmstrøm et al. 13 . After the Sc 0.3 Er 0.7 As growth the sample was allowed to cool for ~ 10 hours facing the liquid nitrogen cooled cryopanel with a chamber pressure < 5x10 -11 mbar. The arsenic capping was performed with the sample temperature at < -10°C using an As 4 flux. After As-capping, the sample was removed from the MBE system and immediately remounted on a Mo sample holder for a RIBER-1000 MBE system, which was used for the Ni 2 MnGa growth. The As cap was removed by heating the sample to ~300°C, the resulting reflection high energy electron diffraction (RHEED) pattern ( Fig. 2(a) ) from the exposed Sc 0.3 Er 0.7 As template layer indicates a smooth unreconstructed surface. The sample was held at 300°C for 10 min to ensure complete removal of the As-cap before being cooled to 200°C. The initial Ni 2 MnGa was grown by supplying 5 alternate monolayers of Ni and Mn+Ga, resulting in a Ni/Mn+Ga/Ni/Mn+Ga/Ni structure. The streaky RHEED pattern obtained from this initial layer, which sharpened slightly upon annealing at 300°C (Fig. 2(b) ), corresponds to a surface unit cell of half the size of the Sc 0.3 Er 0.7 As with a 2´ reconstruction. This would be consistent with a partially ordered CsCl structure with approximately half the lattice parameter of the cubic Ni 2 MnGa L2 1 phase with a surface reconstruction of doubled unit cell periodicity.
Alternatively, it could be due to the Ni terminated surface, which also has only half the lattice parameter of the cubic Ni 2 MnGa L2 1 phase. Subsequent co-deposition of Ni, Mn and Ga at 300°C corresponding to a Ni 2 MnGa growth rate ~ 0.09 mm/h resulted in the RHEED pattern shown in Fig. 2(c) . This pattern corresponds to an unreconstructed surface unit cell twice that of the one in Fig. 2(b) . This is consistent with the growth of ordered Ni 2 MnGa. Å. Fig. 4 shows a selective area electron diffraction pattern from a plan-view transmission electron microscopy (TEM) specimen, which included both GaAs and Ni 2 MnGa. From these data, it is clear that the Ni 2 MnGa is growing pseudomorphically on GaAs with an in-plane orientation of Ni 2 MnGa<100><010>//GaAs<100><010>. This is a surprising result as the critical thickness for a 3% mismatch system is expected to be substantially thinner than 300 Å.
Combining the X-ray diffraction and TEM selective area electron diffraction data indicates that 
Figure Captions

